Background: Low cost, effective interventions are needed to deal with the major global burden of HIV/AIDS. Telephone consultation offers the potential to improve health of people living with HIV/AIDS cost-effectively and to reduce the burden on affected people and health systems. The aim of this systematic review was to assess the effectiveness of telephone consultation for HIV/AIDS care.
Introduction
HIV/AIDS contributes significantly to the global burden of disease. In 2010, 34 million people were living with HIV (PLHIV), including an estimated 2.7 million people who had become newly infected with HIV that year. The vast majority of these infections occur in low and middle-income African countries with weak health systems [1] . The AIDS epidemic is projected to continue over the next few decades and the number of PLHIV will increase [2] .
In 2003 only 400,000 PLHIV in low and middle-income countries were receiving antiretroviral treatment (ART) [3] . By 2011 this number had increased to 7.4 million, although approximately a further seven million people who needed treatment did not have access to ART [4] . The rapid growth in the number of people receiving ART means health systems must continue to provide acute life-saving care for those with advanced AIDS, while also providing chronic services to expanding cohorts of patients who are doing well on ART and preventive interventions for the populations at risk [5] . Low cost, effective interventions are needed if prevention and treatment programmes are to be sustained [6] .
Globally, most people have access to a phone, either a telephone or mobile phone [7] . While landlines are mainly used in the developed world, mobile phones are widespread around the world. In 2011 there were almost six billion mobile subscriptions worldwide, with an estimated 3.8 billion subscriptions in low and middle-income countries [7] . There is huge potential for phone interventions to improve access to healthcare and to strengthen communication between healthcare workers and patients [8] . Organisations such as the World Health Organization have included scaling up telecommunications technologies for healthcare delivery in resource-limited healthcare settings as one of their priorities [9] .
Mobile phone messaging is very popular and shows promise as a simple and cost-effective means of communication in healthcare. However, its use is limited by the short space available in a message and illiteracy of people. Voice calls can overcome these barriers and are used for a broad spectrum of healthcare interventions at low cost, including substitution of traditional face-to-face contacts with healthcare professionals [10] . Telephone consultation is used to manage patients by giving advice or by referral to other services [10, 11] . Telephones can also be used for peer support [12] or for delivering complex interventions such as behavioural or mental health interventions [13, 14] . Compared to face-to-face care, telephone care can reduce costs, save travel and waiting time and improve access to care, as well as enable healthcare workers to consult with more patients within a given time [11, 15] . Structured telephone support has shown to be effective in reducing the risk of mortality and hospitalisations in patients with chronic heart failure [16] . However, healthcare workers need to be appropriately trained to deliver high quality care by telephone [17] .
AIDS is now a long-term condition requiring treatment adherence and regular medical care, but one which remains stigmatized. In a context of rising numbers of people requiring ART, concerns about resistance and the high cost of second line regimens have highlighted the importance of adherence [18] . Using telephones in the management of AIDS can help address issues of compliance and confidentiality, for example in vulnerable populations such as sex workers or those who are substance dependent [13] . Helplines have been used both in developed [19] and in developing countries [20] in the management of AIDS. Telephone consultation has been successfully used to provide HIV test results [21] , psychotherapy [13] , disease management [22] , HIV prevention [23, 24] , and to improve ART adherence [25] .
Telephones offer the potential to improve the health of PLHIV cost-effectively and to reduce the burden on affected people and health systems. However, evidence about the feasibility and effectiveness of using telephones in HIV/AIDS care is inconclusive. This review synthesizes evidence from randomised controlled trials (RCTs) investigating the effectiveness of telephone consultation. It includes trials of consultations using the voice function of the telephone or mobile phone in testing and treatment of PLHIV as well as people at risk of HIV infection and in HIV prevention.
Methods
We followed the standard methods developed by The Cochrane Collaboration as described in The Cochrane Handbook for Systematic Reviews of Interventions [26] . Briefly summarized this methodology includes the following: defining the review question and developing criteria for inclusion and exclusion of studies; a high sensitivity search for studies with the Cochrane filter for RCTs; search, selection and data extraction (using standardised forms) by two review authors independently; assessing risk of bias using the Cochrane tool and considering meta-analysis when appropriate or a narrative assessment.
Criteria for Considering Studies for this Review
We included RCTs of interventions with telephones or mobile phones for PLHIV and people at risk of HIV infection. For the control group we considered face-to-face consultations, usual care and groups who only received the outcome assessments. We included studies using landlines or mobile phones for delivering voice calls. Studies using mobile phone messaging (SMS, MMS) were excluded, as this would make the review too diverse (we report on this in an upcoming review).
Outcome Measures
To assess the effectiveness of interventions we included studies with a range of primary outcomes: clinical outcomes (e.g. immunologic and virologic outcomes, depressive and psychiatric symptoms), health behaviour outcomes (e.g. adherence to treatment, smoking, risky behaviour, disease coping) and outcomes related to healthcare delivery (e.g. proportion of people receiving test results, number of missed appointments). We considered the following secondary outcomes: AIDS-related mortality, social outcomes (e.g. support from family and friends, loneliness), adverse outcomes (e.g. increased out-of -hour's contact), cost outcomes (e.g. costs, cost-effectiveness) and quality of life. Outcomes of participants receiving telephone interventions were compared with outcomes of participants assigned to the control group.
Search Methods for Identification of Studies
The search strategy can be found in Table 1 . It has three parts: (1) search terms specific to telephone interventions, (2) search terms related to HIV and AIDS and (3) the RCT search filter developed by The Cochrane Collaboration, detailed in The Cochrane Handbook [26] . We consulted a librarian for developing the MEDLINE search strategy and we translated this search for the other databases. We did not limit our search by language or publication year.
In 
Data Collection and Analysis
We merged the search results across databases and removed duplicate records with Endnote X4 [27] . Two authors (MHMMTvV and LTC) independently examined titles and abstracts for inclusion criteria and discussed eligibility. We retrieved full texts for studies which seemed relevant and studies for which eligibility remained unclear. The authors discussed which studies met the inclusion criteria and therefore had to be included. We independently extracted data for study methods, participants, interventions, outcomes, results and miscellaneous information using standardized sheets. We assessed bias in included studies using the Cochrane domains [26] as a template for the following domains: sequence generation, allocation sequence concealment, blinding, incomplete outcome data, whether the study addressed attrition, reasons for attrition and how this was handled during analysis, selective outcome reporting, and other potential biases. These other potential biases relevant for this review were: comparability of the intervention and control group characteristics at baseline, imbalance of outcome measures at baseline and protection against contamination.
Statistical pooling of results was not possible because of the extensive heterogeneity of the trials. Therefore, we present a narrative overview of studies in which we systematically describe each included study according to design, setting, participants, control, outcomes and results and group the studies according to intervention type. Results
Search Results
The literature searches yielded 3321 citations. Screening titles and abstracts resulted in 32 records. We included 13 articles representing nine RCTs for which detailed information can be found in the Tables 2, 3 and 4 [28, 29, 30, 31, 32, 33, 34, 35, 36] . We found two reports of the same study for Eaton 1995 [30, 37] [60, 61, 62, 63, 64] . Reasons for exclusion were: not an RCT (n = 5); telephone was only part of the intervention and not evaluated separately (n = 4); missing data (n = 4); participants neither had HIV/AIDS nor were tested for HIV (n = 3); no intervention using telephones was being studied (n = 3); descriptive study (n = 2); no control arm (n = 2). An adapted PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) flow-diagram of study selection can be found in Figure 1 [65].
Included Study Characteristics
We divided the nine identified RCTs into five intervention categories: providing HIV test results via the telephone (Table 2) [28], reducing sexual transmission risk (Table 2 ) [29] , improving mental health (Table 3) [30, 31, 32, 33] , improving medication adherence (Table 4) [34, 35] and smoking cessation (Table 4 ) [36] . The duration of the intervention varied from a single call to retrieve HIV test results and post-test counselling [28] to 18 weekly sessions of in-person therapy [29] . Seven studies mentioned using a theory [29, 30, 31, 32, 33, 35, 36] to develop their intervention. Two studies gave participants the option of calling a 24-hour helpline [35, 36] . Studies mainly used landline-to-landline telephone communication, except for one study which provided participants with mobile phones to receive the telephone calls [36] .
All studies were published in English, and most studies were conducted in the United States only. One study was undertaken in the United States, Puerto Rico, and Italy [34] . Sample sizes varied from 17 [30] to 351 [28] . One study included only men [30] , all other studies included both sexes. Two of the trials were sub-studies of larger ART adherence trials, which included ARTinitiating participants [34, 35] . Other studies targeted HIVpositive smokers [36] , substance using HIV-positive youth [29] , homeless youth and youth at high risk of acquiring HIV [28] , PLHIV in rural areas [31, 33] or depressed PLHIV [32, 33] . Participants took part individually in most studies, only one study investigated group interventions [31] . Outcomes were focussed on patients only; none of the studies reported provider-related outcomes. One study compared an intervention group with two control groups: one control receiving the intervention in person and one receiving only the assessments (the latter received the inperson intervention at the end of the intervention period) [29] . Other studies had one intervention group and one control group receiving usual care [28, 31, 33, 34, 35, 36] or only the outcome assessments [30, 32] .
Risk of Bias in Included Studies
Figure 2 presents a summary of the risk of bias, based on the information we found in published articles. All studies reported that participants were randomized, though only the test results study described the exact procedures used [28] . For the two medication adherence sub-studies [34, 35] we found the randomization information in their original study reports [66, 67] . None of the studies reported adequate allocation concealment. One study reported blinding the outcome assessors [30] . One study stated that all participants completed the study [30] . Seven studies gave attrition rates or numbers [29, 31, 32, 33, 34, 35, 36] . The percentages of participants who completed the last assessment were more than 80% in four studies [29, 32, 34, 36] . Five studies gave reasons for attrition [31, 33, 34, 35, 36] . Six studies reported using the intention to treat principle for analysis [29, 31, 32, 34, 35, 36] . Two studies reported using the last observation carried forward approach for missing outcomes [31, 33] . This approach can lead to serious bias, especially when the time between observations is long [26] . Studies reported all expected outcomes based on the Methods sections of papers, as we were unable to retrieve protocols from all studies for investigating this domain. Five studies reported baseline imbalance [28, 29, 32, 33, 50] . In one study, a crossover effect of the intervention may have occurred, as the usual adherence support procedures were not specified per protocol [34] .
Effects of Interventions
Primary outcomes. Clinical outcomes were reported in eight studies [29, 30, 31, 32, 33, 34, 35, 36] , behavioural outcomes in four studies [29, 34, 35, 36] and healthcare delivery-related outcomes in three studies [28, 29, 36] .
Two studies reporting virologic failure did not show significant improvements [34, 35] . Five studies reported on depression and psychological distress [29, 30, 31, 32, 33] ; the results were not consistent. Two articles [30, 37] related to one study [26] reported different outcomes for psychological distress based on different analyses. The first report [30] reported no significant difference in rate of change for psychosocial distress. The second report [37] showed that the intervention significantly decreased the levels of psychological distress. One study showed significantly larger reductions in depression and psychological scores in the intervention group when compared to the control group [33] . Another study found significant decreases in depression, but these did not significantly differ between the groups [32] . One study did not find a significant effect for emotional distress [29] . A study targeting homeless substance-using youth found no evidence for effectiveness of the intervention in reducing risky behaviour (sexual risk behaviour and substance use). The percentage of protected acts with HIV-negative partners significantly decreased in the telephone group compared to participants who received the intervention in-person. Other outcomes, such as medication adherence, were not significantly improved in the telephone intervention group [29] . One medication adherence study found significant improvement in adherence [35] , while the other trials did not find increased adherence [29, 34] . The smoking cessation trial showed that the point prevalence abstinence and the longest period of abstinence were significantly higher in the telephone group than in the control group. There was no difference in sustained abstinence or number of quit attempts [36] .
One study found that giving young people the option of receiving HIV test results by telephone significantly increased the proportion of young people receiving results. In addition, most of the telephone option group participants chose to receive their results by telephone and they received their results significantly quicker than the control group [28] . Information support intervention participants reported fewer barriers to care than usual-care participants in a study aiming to improve disease coping [31] . One study did not find evidence of effectiveness for the telephone-delivered intervention in reducing the number of missed appointments [29] . 
Smoking cessation

Secondary Outcomes
Two studies reported social outcomes; information support participants received more support from friends than usual care participants in one study [31] . Another study did not report significant differences for loneliness and social support from family and friends outcomes [33] . Only one study reported the costs of the intervention; the total cost of the telephone intervention was $2692 (approximately $897 per module) per participant compared to $3500 for the in-person intervention [29] . None of the studies provided data on mortality, adverse outcomes or quality of life.
Discussion
Key Findings
This systematic review identified nine RCTs investigating a range of interventions in different types of participants. This heterogeneity prevented statistical pooling of the data. We found some evidence to support telephone consultation interventions for HIV/AIDS care. Giving HIV test results by telephone can increase the number of persons receiving their results and telephone support can help HIV-positive smokers quit smoking for a short period of time. The evidence for improving ART adherence and for improving mental health outcomes in participants with AIDS was not consistent. Virologic outcomes did not improve in any of the studies identified. We found no evidence of telephone calls reducing risky behaviour in youth living with HIV or those at high risk of transmission of HIV.
Strengths and Limitations of Included Studies
Generalizability of the included studies was low as most studies were undertaken in the United States. Specific conditions further limited generalizability, for example, a medication trial reported that the medication regimes that the trial studied were more complex than most regimens used in daily practice [34] . Also, participants in the trials reported high adherence compared to the general AIDS clinic population [68] . This reduced the potential for interventions to improve outcomes and shows that study authors should carefully choose the target population of their intervention.
No studies were undertaken in a resource-limited setting. People living in these settings have extra barriers for attending care including limited financial means for travelling, fear of stigma and partner violence. We have limited knowledge about the use of mobile phones for consultation as only one study used mobile phones to deliver the intervention [36] .
Although overall risk of bias in included studies was considerable, in particular for the sequence generation, allocation concealment and blinding domains, it remains unclear to what extent the study results were biased.
Intervention integrity was not well reported by all studies, this makes it harder to identify which aspects of the intervention are related to success or failure. The authors of one medication adherence study mentioned using a centralized approach for delivery of their intervention, thereby controlling for within-site dispersion and possibly also for provider bias [35] , in contrast to the other adherence study in which nurses within a site delivered both the intervention and usual care [34] . In the latter study a cross-over effect of the intervention may have occurred as the usual adherence support procedures were not specified per protocol [34] . Also, the control group received telephone calls; 41% of the study sites reported making at least one telephone call to selected participants who were judged at high risk for low adherence.
Five studies reported low (,20%) loss-to-follow up, but some trials reported high percentages of participants failing to complete the intervention, which limits the potential effectiveness of the intervention. One study reported that 40% of the participants did not complete 50% or more of all intervention sessions [31] , and another study reported that only 29% of the participants completed all 18 telephone sessions and 31% did not participate in any session at all [29] . High levels of attrition can be concerning given that participants are already willing to take part in trials. Studies reported giving incentives to participants, varying from 20$ US to 30$ US per assessment [30, 31, 33] , or even also for intervention sessions [29] . This may increase adherence to the intervention, but may not be feasible in daily practice.
Many studies had a small number of participants [29, 30, 33, 35, 36] . For example, the study aiming to reduce sexual risk behaviour calculated that it needed 5.4 times more participants to show significance [29] . For adherence studies it has been suggested that for a study comparing one intervention group and one control group, at least 60 participants per group should be included to achieve a power of 80% and detect an absolute difference of 25% in the proportion of participants having acceptable adherence [69] . Studies assessing ART adherence used subjective questionnaires [29, 34, 35] . Self-reported outcomes are related to low sensitivity, resulting in PLHIV with low adherence not being identified. Objective measures, such as direct observation and pill counts, are more precise [70] . Some studies used objective measures: one study compared positive urine screening results and self-reported substance use [29] . The smoking cessation trial used expired Carbon Monoxide levels to biochemically verify smoking status [36] . While interventions aiming to improve long-term effects require a minimum follow-up of six months [71] , only two studies fulfilled this criterion [31, 36] .
Strengths and Limitations of this Review
A strength of this review is its comprehensive search strategy aiming to identify all published and unpublished literature, thereby avoiding publication bias. We followed the high-standard systematic review methodology from the Cochrane Collaboration [26] . We only included RCTs, thus providing the highest level of evidence on effectiveness. However, as telephone consultation is a complex intervention, other types of studies such as before-andafter trials, quasi-RCTs, interrupted-time-series studies and descriptive studies could have provided additional evidence. A systematic review including these types of studies could help to bridge the gap between science and practice. Another limitation is that we chose to include a variety of interventions using telephone consultations which made comparison of data difficult.
Comparison with Extant Literature
Evidence for effectiveness of giving test results by telephone was also found in a review comparing alternative HIV testing methods including rapid testing, oral fluid testing, home testing, and telephone post-test counselling with conventional testing. It showed that telephone post-test counselling was the second most effective intervention [72] . Another review found that telephoneadministered psychotherapy interventions reduced depressive symptoms and were well received [14] . A Cochrane review showed that proactive telephone counselling helps smokers to quit [73] . Another Cochrane review showed that mobile phone based smoking cessation interventions have a positive effective in the short-term (the trial we included [36] was excluded in the Cochrane review because of short follow-up [71] ), which is consistent with our findings. Smoking has additional health risks for PLHIV and increasing the effectiveness of cessation interventions is very important for improving the health of this group [74, 75, 76] .
Implications for Research and Practice
Overall, evidence of how telephone consultations fit into the current HIV/AIDS care needs further development, especially in developing countries. There are differing views on the appropriateness of trial research for studying complex interventions such as ones using communication technology [77] , but future studies will require improved methodologies with a sufficient number of participants, longer follow-up and objective measurement. In addition to patient-related outcomes, provider outcomes, costeffectiveness and adverse effects should be measured.
Video calling may possibly be increasingly used in the near future. While this might not be appropriate for individuals who experience stigmatisation because of their illness, this technology could provide the advantages of both face-to-face contact and telephone consultation. A pilot trial using this technology for improving ART adherence showed promising results [78] .
The need for prevention and the large increasing number of PLHIV, who need ART and develop chronic illnesses, can have substantial consequences when remaining unaddressed. Neither national governments nor donor funding can meet the economic and health costs [2] and therefore telephone consultations can be a valuable tool for improving health outcomes of PLHIV.
This review showed that the telephone can be efficiently used for delivering HIV test results and that there is potential for telephone consultation to help PLHIV to take their medication and to quit smoking. However, this evidence of effectiveness is weak as we found only a limited number of studies. The most appropriate context for the use of this technology and key factors for its successful application in health interventions for AIDS remain unclear. The effectiveness of mobile phones in healthcare needs to be further evaluated given its expanding use and the potential mobile phones offer in resource-limited settings to reduce the HIV/AIDS burden.
